knick-point propagation, lake overflow (20) , or karst capture (18) . Marble Canyon mammillaries also indicate fast incision rates. At river miles 57 (site 7) and 32 (site 8), incision rates are 166 and 374 m/My, respectively, and at river mile 38, a speleogenetic gypsum crust yielded a U-series age of 0.15 Ma at 50 m above the river and an incision rate of ≤330 m/My.
Even though our interpretation assumes no structural or hydrologic complexities, those complexities could help to explain any apparent inconsistencies as data accumulate. However, it is likely that the structure and hydrology will not change the overall interpretation that the western Grand Canyon is older than the eastern Grand Canyon. For instance, an explanation for the higher incision rate at site 1 (Bobcat Cave, Grand Wash Cliffs) could be the presence of an elevated water table north of the western Grand Canyon at 7.6 Ma. Even without this interpretation, the highest western Grand Canyon incision rate from the Grand Wash Cliffs mammillary of 123 m/My (site 1) is still less than the slowest incision rate for the eastern Grand Canyon (166 m/My, site 7; Fig. 3 and fig. S3C ). The fast incision rate at Bedrock Canyon (site 8) indicates that 300 m of incision occurred in Marble Canyon over the past 1 My. However, at river miles 57 (site 7) and 60 (19) , incision rates are slower (~140 to 230 m/My). Structure, hydrology, or headward erosion history (i.e., knick-point propagation from site 7 to site 8) might resolve these differences when additional data are available.
Overall, our data argue for an older Grand Canyon that was modified in the late Miocene by a fully integrated Colorado River that accelerated the headward erosion of the eastern Grand Canyon. We found that mammillary calcite is not restricted to large caves in the Redwall and Muav limestones, but also occurs in small fissure-controlled caves in other units such as the overlying Supai Formation. Hundreds of these deposits probably exist throughout the canyon, offering the potential for a reconstruction of the canyon's history, with a resolution perhaps high enough to explain complexities of the canyon's history related to faults, folds, and volcanic and tectonic activity. Saturn's moon Rhea had been considered massive enough to retain a thin, externally generated atmosphere capable of locally affecting Saturn's magnetosphere. The Cassini spacecraft's in situ observations reveal that energetic electrons are depleted in the moon's vicinity. The absence of a substantial exosphere implies that Rhea's magnetospheric interaction region, rather than being exclusively induced by sputtered gas and its products, likely contains solid material that can absorb magnetospheric particles. Combined observations from several instruments suggest that this material is in the form of grains and boulders up to several decimetres in size and orbits Rhea as an equatorial debris disk. Within this disk may reside denser, discrete rings or arcs of material.
O n 26 November 2005, Cassini encountered Rhea, the second largest of Saturn's moons, at 500 km altitude, detecting in situ the anticipated (1, 2) , approximately spherical distribution of grains lofted from its surface by interplanetary dust impacts. Cassini passed downstream of Rhea with respect to the local magnetospheric flow (Fig. 1 ) and observed the anticipated wake caused by plasma striking the moon, together with an unpredicted depletion of energetic electrons extending to~8 Rhea radii (R R ) (Fig. 2) . The scale of the depletion indicates that some material is absorbing electrons within the volume dominated by Rhea's gravitational field: its Hill sphere, of radius 7.7 R R . Voyager 1 measurements in 1980 previously indicated a broadened depletion's presence farther downstream (3). A more distant Cassini flyby in August 2007 also showed evidence of a broad electron depletion (4) . No such features have yet been observed at Dione and Tethys, but energetic electrons are absorbed by grains ejected from Enceladus's south pole (5) . The signature's profile indicates that the electron-absorbing material has a near-symmetrical distribution about Rhea. No evidence was found by Cassini's instruments for the presence of large amounts of freshly ionized gas, which could theoretically scatter electrons. Neutral gas and dust populations are therefore the primary absorbing-medium candidates.
As Cassini passed Rhea, its cosmic dust analyzer (CDA) (6) registered an increase in the impact rate of >1 mm particles (Fig. 3) , signaling the predicted envelopment of the moon (1, 2) by dust ejected by micrometeoroids impacts. An impact-ejecta model (1) Neutral gas surrounding Rhea is liberated from the moon and its dust halo through dust impacts and magnetospheric particle sputtering (7) . Upper limits in column density deduced using the ultraviolet imaging spectrograph (UVIS) (8) S1 ) are sensitive to the assumed background ion flux; the upper limits for the same species are in the range of 10 13 to 10 14 cm −2 (see SOM text). The quantity of electron-absorbing material can be estimated by gauging electron path lengths within the Hill sphere. Most <700 keV electrons observed by MIMI and the Cassini plasma spectrometer (CAPS) traverse the Hill sphere several times north-south before detection, bouncing along Saturn's convecting magnetic field lines (9) . The reduced fluxes reflect the integrated effects of gas and dust upstream of Cassini's location~200 km south of Rhea's equatorial plane. We modeled the effect of an electron-absorbing, spherically symmetric gas cloud required to produce the broad electron depletion. Implied neutral gas column densities of~10 18 cm −2 near Rhea's surface easily exceeded the column density upper limits. We next modeled a spherically symmetric dust halo, the densest possible based on CDA data, with number density falling off as an inverse power law with radial distance of -2.5 and a grain size of~10 mm. Electron number densities were assumed to decrease by a factor of e 2 when the column mass encountered equaled the electrons' range in water (10, 11) . Coulomb collisions were excluded. There was no unique solution, but surface densities required were >2 orders of magnitude higher than implied by CDA data. The -2.5 density falloff is too steep to explain the detectable depletion at the Hill sphere's edge.
To explain the observations, the presence of an additional electron-absorbing obstacle is implied. An analysis of the electron data indicates that this obstacle is most likely in the form of a low optical depth disk of material near Rhea's equatorial plane and that the disk contains solid bodies up to~1 m in size (4) . Dynamical studies show that such bodies could orbit persistently near the equatorial plane. The disk explains the electron signature and is consistent with in situ data south of the equatorial plane, because Cassini did not traverse the plane itself. There have been no reports of remote observations of such a disk, but it would not be easy to detect (4) . A weakly perceptible population of neutral gas and related products could also be present. Neutral gas is primarily lost through ionization and subsequent transport by the magnetospheric plasma. Several plasma measurements imply that there is a detectable, although not fully understood, interaction between Saturn's magnetosphere and freshly ionized material around Rhea, at the scales of the moon's Hill sphere (Fig. 2) . As Cassini traversed the Hill sphere, electron number densities increased slightly at~22:25 UT, near the inbound boundary, but a similar outbound feature is difficult to identify. Bulk velocities derived from the thermal plasma ion data shown in Fig. 2E were below corotation within the Hill sphere and displayed a ≤10°anti-Saturnward flow deviation inbound.
Several short-duration dips in MIMI lowenergy magnetospheric measurement system (LEMMS) electron flux are also evident, lasting a few seconds each, or tens of km along the spacecraft track, and are nearly symmetrical about Rhea (Fig. 4) . No plasma-related cause for these narrow electron dips has been identified. They are not believed to be electron phase-space holes, which usually result from a two-stream instability, as may occur in the wakes of absorbing bodies (12) . Such structures are typically traversed in tens of milliseconds as opposed to several seconds. The dips are, however, consistent with additional obstacles residing upstream or directly north of Cassini, in Rhea's equatorial plane, that cause the occultation of electrons before detection at Cassini. The broadening of the dips with increasing electron energy ( fig. S8 ) is as expected for an obstacle to electrons; the widening reflects electrons' larger gyroradii and slower convection through the Hill sphere at higher energies, and hence more prolonged absorption. The simplest explanation of these near-symmetrical features is that extended arcs or rings of material orbit Rhea 
The dips may instead represent the cumulative effect of material upstream of Cassini: Saturn's corotational plasma flows across the rings, rather than parallel to them as occurs at Saturn itself. The dips may therefore occur downstream of local maxima in ring column density presented to the corotating plasma, that is, the ansae, where narrow rings' tangents directly upstream of Cassini are parallel to the flow. For this scenario, assuming perfectly circular rings, common plasma flow deviations (5) could explain the slight asymmetry in the dips' locations. A further complication of both ring interpretations is the observed electrons' multiple traverses of the Hill sphere before detection. If an integer number of electron half bounce-lengths separates Cassini from a single ring, multiple "ghost" dips may form through occasional constructive interference of weaker depletions. Dust lofted by plasma-induced charging of Rhea's regolith (13) would have been a candidate nonring obstacle, especially as near-zero grain potentials at Rhea (14) may make its surface particularly sensitive to (22, 23) . Magnetic field variations appear consistent with Rhea being plasma-absorbing: The evacuated wake's field strength is enhanced to maintain constant total particle plus magnetic pressure. The magnetic field wave power decreases somewhat within the Hill sphere, probably due to charged particle loss causing decreased plasma b; otherwise, no direct magnetic field perturbations are convincingly evident on the Hill sphere's scale. Cassini's flyby trajectory, almost confined to the interaction region's equatorial symmetry plane, where field rotations are minimized, and almost transverse to the north-south symmetry plane, makes a decisive interpretation of the magnetic signature difficult. Numerical simulations imply that bodies that are subject only to minor perturbations by nongravitational forces could orbit Rhea stably for long periods (15) . Impacts on Rhea large enough to result in the orbit of ejecta material may have occurred as recently as 70 million years ago (16) . Disruptive capture of a minor body is also possible. In these cases, some debris could have remained in orbits that flattened and circularized over time. Clumps of Rhea-orbiting material could maintain this disk, and bombardment by E-ring debris and extra-Saturnian grains would also release ejecta into near-circular orbits. Isolated clumps or moonlets could also explain the material's gravitational containment in discrete rings or arcs. Given their orbital stability, rings may even have survived since Rhea's formation. Fig. 3 . In situ dust observations. (A) Comparison of recalibrated and dead time-corrected >1mm CDA data to a modeled isotropic impactor-ejecta number density (1) . Two other instruments provide in situ dust data: RPWS (21) detects expanding plasma clouds resulting from high-velocity dust impacts onto Cassini (24) T he phytohormone auxin has been implicated in many aspects of plant biology, including pattern formation during embryogenesis, lateral organ development, and cell expansion (1) . Auxin mediates these activities through a signaling cascade involving AUXIN RESPONSE FACTORS (ARFs), which constitute a family of transcription factors that activate or repress expression of auxin response genes (2) , and the AUX/IAA family of transcriptional repressors (3). AUX/IAAs negatively regulate auxinmediated transcription by binding ARFs through conserved domains III and IV found in both types of proteins (4, 5) .
Domain II of AUX/IAAs interacts with the auxin receptor TRANSPORT INHIBITOR RESISTANT (TIR1), part of a Skp1/cullin/F-box protein (SCF) complex (6) (7) (8) . Auxin stabilizes this interaction, leading to the degradation of AUX/IAAs and allowing ARFs to activate transcription. Mutations in AUX/IAAs that disrupt the interaction with the TIR1 protein family abolish their auxin-induced degradation (8) . For example, bodenlos-1 (bdl-1) contains a stabilizing mutation (P74S, substitution of proline 74 with serine) in IAA12 (9). IAA12/BDL physically interacts with AUXIN RESPONSE FACTOR5/ MONOPTEROS (ARF5/MP) and represses its activity (9) . Consistent with this, both bdl-1 mutants and loss-of-function ARF5/MP alleles display reduced vasculature and form a "basal peg" instead of a root and hypocotyl (the seedling stem) (10) (11) (12) .
Although no prior connection has been made to auxin signaling, the most severe topless-1 (tpl-1) phenotype, a homeotic transformation of the apical pole (the shoot) into a second basal pole (the root), suggests that it plays a role in this pathway (13) . tpl-1 is temperature sensitive and displays a range of phenotypes, all disrupting the patterning of the apical half of the embryo. The tpl-1 mutation is a histidine substitution at asparagine 176 (N176H), and this allele acts as a dominant negative for the TOPLESS RELATED (TPR) family (14) . On the basis of its domain structure and genetic interactions with a histone deacetylase and a histone acetyl transferase, TPL has been proposed to be a transcriptional co-repressor (14) .
Transcriptional co-repressors do not bind DNA directly, but are recruited to DNA through interactions with DNA-binding transcription factors (15) . Determining a co-repressor's binding partners can provide insight into its biological relevance. Therefore, we performed yeast twohybrid screens to find protein interactors using full-length TPL or the N terminus of TPL (Fig.  1A) . Multiple AUX/IAAs, including IAA12/ BDL, were among the positive clones in both screens (table S2) . IAA12/BDL contains the four conserved domains found in most AUX/IAAs (domains I to IV) (Fig. 1A) . Through truncation analyses, we determined that domain I of IAA12/BDL is necessary and sufficient to interact with the C-terminal to lissencephaly homology (CTLH) domain of TPL (16) (Fig. 1, B and C) . Domain I of the AUX/IAAs contains an ERFassociated amphiphilic repression (EAR) motif (17) , which is known to be involved in transcriptional repression (18) . To determine if this motif is essential for the interaction with TPL, we tested an IAA12/BDL construct in which three leucines at the core of the EAR domain were changed to alanines (IAA12/BDL mEAR) (Fig.  1A) . These changes to the EAR domain severely weakened the interaction between TPL and IAA12/BDL both in yeast two-hybrid assays (Fig.  1C) and assays in which glutathione S-transferase (GST)-tagged in vitro-translated products were used (Fig. 1D) .
We also tested the interaction between IAA12/BDL and TPL using plant lysates. We found that column-bound GST-IAA12/BDL and GST-N-TPL could affinity purify TPL fused to a 6× hemagglutinin tag (TPL-HA) from plant extracts (Fig. 1E) , whereas purified GST or beads alone could not, further indicating that TPL interacts with IAA12/BDL. These results also demonstrate that TPL can homodimerize, a characteristic shared with other transcriptional corepressors (19) . GST-N-TPL N176H could also pull down BDL P74S-green fluorescent protein (GFP) from plant lysates (Fig. 1F) . Mutations in the EAR domain of GST-IAA12/BDL disrupted the interaction with TPL (Fig. 1E) . These interactions were also observed in a tobacco transient expression system (20) by means of bimolecular fluorescence complementation (BiFC) (21) (fig. S2) .
To investigate the biological significance of these physical interactions, we analyzed tpl-1bdl-1 double mutants. bdl-1 seedlings form a basal peg (Fig. 2C) , lacking hypocotyl and root structures of wild-type seedlings ( Fig. 2A) , whereas tpl-1 roots appear normal (Fig. 2B) . tpl-1bdl-1 seedlings formed hypocotyls and roots ( Fig. 2D  and table S3 ), indicating that tpl-1 can suppress the basal patterning defects seen in bdl-1. bdl-1 mutants also display a reduction in cotyledon (seed leaf) vasculature development (Fig. 2G) . Wild-type and tpl-1 cotyledons develop a primary midvein with loops of lateral veins along the margins (Fig. 2, E and F) . In bdl-1, these veins are either absent or severely reduced (n = 70) (Fig. 2G) (10) . Vasculature formation was
